We would like to thank both reviewers for their constructive comments and suggestions. We answer the comments in blue below and provide a revised version of the paper with changes indicated in the text.
Reviewer 2
A general observation by the reviewer is that Curie depths, in the synthetic tests and real magnetic data, are highly uncertain. The reason for this is because we allow beta to vary across the study area. It is common practise in most of the literature to fix the fractal parameter, beta, to a constant value. Implicit in this decision is to assume that the magnetic composition of the rocks is consistant at long wavelengths -an assumption that is less justified on continents than oceanic crust. As Bouligand et al. (2009) note: "the fractal parameter beta, which is the slope of the power spectrum in a log-log scale, is related to the geology and thus might vary geographically depending on rock types or geologic structures." We showed in our synthetic tests that the thickness of magnetic sources, dz, and beta are strongly correlated, as noted by the reviewer, thus a fixed value of beta reduces the amount of variation of dz and underestimates the uncertainty of each Curie depth determination. This explains the much higher degree of uncertainty in our Curie depth determinations compared to many other studies. Furthermore, the motivation to fix beta is problematic within a Bayesian framework where each of the parameters that control Curie depth are expressed probabilistically. In our opinion the latter arguments reasonably justify our decision to allow beta to vary across the study area.
We have made this more explicit in the text where we add "Most studies fix beta to a constant value across the entire study area, but implicit in this decision is to assume that the magnetic composition of the rocks is consistent over long wavelengths. Through casting beta as an inversion variable, we retrieve a comparitively higher degree of uncertainty because our method propagates all of the errors associated with each parameter within a Bayesian framework. If this parameter is not taken into account then it is likely that all other parameters (zt, dz, and C) will be biased."
What's the value of beta used for estimating the Curie depth in this study? Does it vary through the study area as the window sizes shown in Fig. 5 ? If this is the case, the authors should provide a map of various beta for comparing with Curie depths. I noted that a larger Dz can be compensated by a smaller beta (Fig. 3c) . If the authors employ variable beta, the large Curie depth/uncertainty may be caused by improper beta.
Thank you for the suggestion to include a map of the variation in beta across the study area. We have included it as a subfigure (5b) adjacent to the map of window sizes (5a). Please refer to the general discussion above for our motivations in allowing beta to vary across the study area.
Specific comments listed as Page No.-Line No.: 1. P4-L15: In the centroid method (Tanaka et al., 1999) , the wavenumber range is critical for the centroid depth (and therefore the Curie depth) estimation. Although the wavenumber segment selections vary in different studies, most researches took the wavenumber ranges less than 0.05 ∼ km-1 (See Appendix in Wang and Li, 2018) . This is a good point, to clear up the confusion in this section we have added the following text: In this method of Curie depth estimation, the wavenumber segments over which to calculate the depth of magnetic sources varies in different studies, but is usually <0.05 km-1 (Wang and Li, 2018 ).
2. Eq (2): Please double check the fourth term, beta or beta-1.
Fixed. Thanks for noticing this difficult-to-spot typo! 3. P4-L22: It is difficult to estimate all the three unknown parameters simultaneously by nonlinear fitting the radial power spectrum. Bouligand et al. (2009) used a constant beta of 3.0 to obtain the Curie depth. I don't know what the value of beta is used in this study as mentioned in the above General comments. Li et al. (2013) demonstrated that the Maus and Blakely models of radial amplitude spectrum are nearly identical in shapes except for a vertical constant shift, and both are applicable to Curie depth estimation in using the centroid method.
Please refer to the general discussion above for our motivations in allowing beta to vary across the study area. Bouligand et al. (2009) fixed beta to a constant of 3.0 because it resulted in the lowest misfit out of all their forward models, but they found regions of their study area where the misfit between the radial power spectrum and their fitted curve were still very high, and would be better fitted with a different beta. There is no such problem here, because beta is allowed to vary for every centroid so the nonlinear fit to the radial power spectrum is always optimal. We have added the following comparison between both methodologies, " Li et al (2013) We have included a map of the variation in beta (Figure 5b ) and included this parameter in the supplementary data table. forming the data into the Fourier domain, which is computed over a square window of the magnetic anomaly. Depth to the 9 bottom of magnetic sources is estimated from the slope of the radial power spectrum, Φ(k),
where k is the wave number in Cartesian space, k = |k| is its norm, and β is the fractal parameter of magnetisation. Originally, :::
where the shape of the power spectrum is controlled by four variables: β -a fractal parameter, z t -the top of magnetic sources,
20
∆z -the thickness of the magnetic layer, and C -a field constant. The Curie depth is found by summation of z t and ∆z. Some 21 combination of these parameters should produce a curve that fits the radial power spectrum computed from a fast-Fourier inverse solution is given by the a posteriori probability function, P (m|d), which is proportional to the product of the likelihood 4 function P (d|m) and the a priori probability P (m),
The likelihood function is the probability of reproducing the data d given a particular model m, and the a priori probability 6 is prior knowledge about the model before assimilating the data. In this case, the model parameters correspond to the four 7 unknowns in Equation 2 and the data is the radial power spectrum computed from the magnetic anomaly,
The posterior probability can be evaluated through an objective function, S(m), which compares the misfit 9 between data and prior information, m p ,
where A is a constant. The maximum a posteriori (MAP) estimate is obtained by minimising the p -norm objective function if 11 data and prior information are both uncorrelated,
where g is the forward operator, which is the prediction of observations from the model, m. This is simply the calculation of Φ 
Resolution of model parameters: synthetic tests
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The Bayesian framework we have described produces an ensemble of models that sample the posterior density function. Here
18
we design a synthetic sensitivity test to explore the inversion parameters. As the inversion operates in the spectral domain field. Therefore, in order to retrieve Curie depth, the window size must be large enough to resolve low wave numbers in the In addition to window size, retrieval of accurate Curie depth values is also complicated by a strong correlation between β 5 and ∆z, which both control the slope of the radial power spectrum at low wave numbers (Figure 3b ). The variation in these 6 parameters may be reduced with a priori information related to β or z t , however, in most circumstances these parameters 7 are completely unknown. where λ is the thermal conductivity and H is the rate of heat production. Equation 6 is solved in 3D numerically with top and 
where λ 0 is the thermal conductivity at the surface. Surface heat flow, q s , is calculated from the product of thermal conductivity 6 and temperature gradient in the topmost part of the model once the temperature solution has converged after several iterations 7 (|T n − T n−1 |< 10 −12 ). 8 
Results
9
Maps of Curie depth in the study region were taken from the magnetic anomaly of the British Isles that was extracted from the the maximum window size. All other Curie depth estimates using smaller or larger window sizes for a given point are rejected. We find that quantifying Curie depth within a Bayesian framework adds significant insight into the thermal structure of the Window size (km) 5.8 6.0 6.2 6.4 6.6 6.8 depleted lower layer H r (of thickness h r ). The total heat production of the crust is the sum of these two layers,
where h c is crustal thickness. The differentiation index describes the degree of partitioning in the crust,
where higher D I indicates that a heat flow province has undergone more significant crustal reworking of heat-producing production are defined separately for the crust in the Laurentian and Avalonian terranes (Table 1) . We split the total thickness Therefore, the thickness of the upper (enriched) layer is,
where H s , H r , and H c are the rates of heat production for the upper, lower layer and entire crust, respectively. The thermal 5 properties assigned to each layer in our model are summarised in Table 1 . poor exposure or lack of geophysical information, using Curie depth to infer surface heat flow can be highly uncertain because 6 short-wavelength features -that significantly influence the heat flow field -cannot be resolved. Where possible, surface heat 7 flow derived from Curie depth should be constrained by crustal geometry and validated against heat flow data from boreholes.
8
The uncertainty of surface heat flow was estimated from spatially varying the depth of the lower boundary condition within likely increase if different thermal properties and layer geometries were considered in the ensemble of heat flow simulations, 1 but they are not included here because already the uncertainty for Curie depths > 30 km is more than the range of physically 2 plausible heat flow. In these locations 
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The uncertainty of Curie depth increases rapidly with depth but can be tempered with larger window sizes. Windows of the 24 magnetic anomaly need to be 15-30 times larger than the deepest possible magnetic base in the study area to resolve precise 25 Curie depth estimates. In the British Isles, the Curie depth is broadly delineated by the SW-NE Iapetus Suture, which separates
26
Laurentian and Avalonian continental blocks. The uncertainty exponentially increases with Curie depth, which is due to fewer 27 points in the low wavenumber range of the radial power spectrum. Curie depths of > 40 km correspond to uncertainties 28 ± 20 km using a window size of 800 km. At these depths, the skew of the posterior distribution is used to indicate which 29 window sizes are required to resolve Curie depth.
30
Surface heat flow is estimated by simulating the temperature distribution across a stratified model of the crust from the sur-31 face to the Curie depth. This 3D model incorporates sedimentary thickness and vertically partitioned heat-producing elements.
32
The simulated heat flow matches heat flow data to a reasonable degree of uncertainty, except where igneous bodies outcrop. 
